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HYDRAULIC BRAKING SYSTEM AND CONTROL METHOD THEREOF

(67)  The present invention discloses a bypass ener-
gy storage device for an electronically controlled hydrau-
licbraking system, which relates to the field of new energy
automobile braking systems and comprises a brake mas-
ter cylinder, wherein afirst pipeline and a second pipeline
are arranged atan outletend of the brake master cylinder,
the other end of the first pipeline is connected with a
fourth isolation valve for controlling the on-off of the first
pipeline, and the other end of the second pipeline is con-
nected with a fifth isolation valve for controlling the on-off
of the second pipeline; the first pipeline is connected with
a first branch, the other end of the first branch is commu-
nicated to an energy accumulator, and the first branch is
connected with a first inlet valve for controlling the on-off
of the first branch; the second pipeline is also connected
with a second branch, the other end of the second branch
is also communicated to the energy accumulator, and
the second branch is connected with a second inlet valve
for controlling the on-off of the second branch; the energy
accumulator is also communicated with a third branch,
and the other end of the third branch is communicated
to a second pipeline. The effects of reducing energy con-
sumption, better controlling foot feeling and thus improv-
ing the comfort and safety of products are achieved.
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Description
TECHNICAL FIELD

[0001] The present invention relates to the field of new energy automobile braking systems, and in particular to a
bypass energy storage device for an electronically controlled hydraulic braking system and a control method thereof.

BACKGROUND

[0002] In the modern automobile market, the number of new energy automobiles is increasing, and one of the most
concerned problems of people, whether pure electric vehicles or hybrid electric vehicles, is the driving mileage of the
automobiles. Almost all new energy automobiles in the market are equipped with an energy recovery function. The
braking energy recovery system is a method adopted for prolonging the endurance mileage, wherein the conversion of
mechanical energy into electric energy through braking plays a dominant role. However, the recovery of braking energy
tends to give drivers a feeling of inconsistent brake pedal stroke.

SUMMARY

[0003] The purpose of the presentinventionis to provide a bypass energy storage device for an electronically controlled
hydraulic braking system, wherein under two conditions that a vehicle energy recovery function is switched on and
switched off, the vehicle deceleration is the same for the same pedal stroke; for a driver, the strokes of stepping on the
brake pedal are consistent, so that the energy consumption can be reduced, and the driver can better control foot feeling,
thereby improving the comfort and the safety of products.

[0004] The technical purpose of the present invention is realized by the following technical solution:

Provided is a bypass energy storage device for an electronically controlled hydraulic braking system, which comprises
a brake master cylinder, wherein a first pipeline and a second pipeline are arranged at an outlet end of the brake master
cylinder, the other end of the first pipeline is connected with a fourth isolation valve for controlling the on-off of the first
pipeline, and the other end of the second pipeline is connected with a fifth isolation valve for controlling the on-off of the
second pipeline; the other ends of the fourth isolation valve and the fifth isolation valve are both communicated to an
ABS/ESC;

the first pipeline is also connected with a first branch, the other end of the first branch is communicated to an energy
accumulator, and the first branch is connected with a first inlet valve for controlling the on-off of the first branch;
the second pipeline is also connected with a second branch, the other end of the second branch is also communicated
to the energy accumulator, and the second branch is connected with a second inlet valve for controlling the on-off
of the second branch;

the energy accumulator is also communicated with a third branch, the other end of the third branch is communicated
to the first pipeline or the second pipeline, and the third branch is connected with a third return valve for controlling
the on-off of the third branch.

[0005] Furthermore, the working state of the device comprises the pressurization process and the pressure-relief
process; wherein

the pressurization process is as follows: after the electronically controlled hydraulic controller detects that the driver
steps on the pedal and the whole vehicle simultaneously starts the energy recovery function, the firstinlet valve and
the second inlet valve are opened, the fourth isolation valve and the fifth isolation valve are closed, and the brake
fluid enters the energy accumulator through the brake master cylinder, the first inlet valve and the second inlet valve;
braking forces on wheels are provided by back dragging of a driving motor, the whole vehicle performs a braking
energy recovery work, the electronically controlled hydraulic controller monitors the opening degree of the pedal at
all times, and magnitudes of a total braking force request and back-drag torque are determined;

when the back-drag torque is insufficient, the firstinlet valve and the second inlet valve are closed, the fourth isolation
valve and the fifth isolation valve are opened, and an insufficient braking force is supplemented with a hydraulic
pressure; the back-dragging of the motor and mechanical braking co-work in a serial mode to achieve a deceleration
effect of the vehicle;

the pressure-relief process is as follows: in a pressure reduction stage, as the driver releases the pedal or is in a
process of releasing, the first inlet valve and the second inlet valve are powered off and closed, the fourth isolation
valve and the fifth isolation valve are powered off and opened, and the third return valve is powered on and opened
according to pressures of the pipelines, as the brake pedal is not stepped on or a pressure of a main hydraulic circuit
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is small at the moment, a pressure of the brake master cylinder does not exist, and under the action of the pressure,
the brake fluid in the low-pressure energy accumulator returns to the master cylinder through the third return valve
under the action of an internal spring.

[0006] Furthermore, a working condition of the device also comprises a normal condition that when an energy recovery
function is switched off and when a driver steps on a brake pedal, all electromagnetic valves are kept in a power-off
state, and a brake fluid directly enters the ABS/ESC through the master cylinder, the fourth isolation valve and the fifth
isolation valve.

[0007] Furthermore, the first pipeline is connected with a pressure sensor for sensing the pressure of the pipeline.
[0008] Furthermore, the energy accumulator is a spring-type low-pressure energy accumulator.

[0009] Furthermore, each valve of the device is controlled to be opened and closed by the electronically controlled
hydraulic controller EHC, and the electronically controlled hydraulic controller EHC is also connected with a battery
controller BCM and a motor controller MCU via high-speed CAN communication.

[0010] Another purpose of the present invention is to provide a control method of a bypass energy storage device for
an electronically controlled hydraulic braking system, wherein under two conditions that a vehicle energy recovery
function is switched on and switched off, for a driver, the strokes of stepping on the brake pedal are consistent, so that
the energy consumption can be reduced, and the driver can better control foot feeling, thereby improving the comfort
and the safety of products.

[0011] Provided is a control method of a bypass energy storage device for an electronically controlled hydraulic braking
system, which comprises the following steps:

step I: monitoring, by an electronically controlled hydraulic controller, whether a driver has a braking intention or not
in real time, specifically comprising acquiring a signal of a displacement sensor of a brake pedal through AD,
determining and calculating a depth and a speed of the driver for stepping on the brake pedal, and then obtaining
a braking deceleration a required by a vehicle at the moment according to a vehicle braking characteristic matching
parameter table;

step Il: determining whether the driver is in emergency braking or not according to an opening degree of the pedal
and the speed of stepping on the pedal; if yes, closing the energy recovery function;

step lll: when the energy recovery function is switched off, entering a working state under a normal condition, and
directly performing hydraulic braking;

when the energy recovery function is switched on, entering, by the device, a working state during a pressurization
process, and distributing electric braking torque and hydraulic braking torque; and

step VI: when the driver releases the pedal or is in a process of releasing, entering, by the device, a pressure-relief
process.

[0012] Furthermore, in the step Il, if the driver is not in emergency braking, the electronically controlled hydraulic
controller EHC keeps communication with two systems of the battery controller BCM and the motor controller MCU at
alltimes, so as to determine whether the vehicle is allowed to enter an energy recovery state or not, and the determination
is performed according to a judgment basis including constant changes of the back-drag torque of the driving motor
along with vehicle speeds, an SOC, a temperature, a current and communication faults of a power battery. Furthermore,
in the step Ill, a reference calculation formula for distributing the braking torque is as follows:

if

Fe + Fh + fr()ll + faer() = Ma ...... (1)

then

Fe = Ma - Fh - fro]] - faero ...... (2)

in the formula, Fe is a braking force of the driving motor in a unit of N.m; Fh is an electronically controlled hydraulic
braking force in a unit of N.m; F , is a rolling resistance of the vehicle in a unit of N.m; f,,, is a wind resistance in
a unit of N.m; a is the braking deceleration in a unit of m/s2; m is a mass of the whole vehicle in a unit of kg;
wherein the rolling resistance of the vehicle can be expressed as follows:

fron = Mgucosa ... (3)
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in the formula, w is a rolling resistance coefficient; M is the mass of the whole vehicle in a unit of kg; a is a slope
angle, i is a gradient, and a = arctan (i);
the wind resistance of the vehicle can be expressed as follows:

Faero = 0.5 pkAfV2.....(4)

in the formula, k is a wind resistance coefficient; A; is a frontal area in a unit of m?2; V is a speed of the vehicle in a
unit of km/h; p is an air density and taken as 1.3 kg/m?2.

[0013] Furthermore, in the step lll, a rechargeable power generates torque

P 9550Pc

in the formula, Pc is the rechargeable power in a unit of Kw; n is a rotating speed of the motor in a unit of rpm;
corresponding maximum allowable braking torque of the battery is calculated according to a maximum allowable
charging power of the battery, and if the maximum allowable braking torque of the battery is smaller than maximum
allowable braking torque of the motor, the energy recovery function is switched off or the maximum allowable braking
torque of the battery is taken as a maximum electric braking torque request.

[0014] In conclusion, the present invention has the following beneficial effects:

Under two conditions that a vehicle energy recovery function is switched on and switched off, for a driver, the vehicle
deceleration is the same for the same pedal stroke, and the strokes of stepping on the brake pedal are consistent. The
foot feeling gives people a reliable and safe feeling, and simultaneously, part of components can be extracted separately.
The energy recovery on a vehicle can not only reduce energy consumption, but also better control foot feeling, thereby
improving the comfort and safety of products.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

FIG. 1 is a schematic diagram of an overall structure of the present invention; and
FIG. 2 is a schematic diagram of the electrical connection of the present invention.

[0016] In the figure, 1 is a brake master cylinder; 2 is a first inlet valve; 3 is a second inlet valve; 4 is a third return
valve; 5 is a fourth isolation valve; 6 is a fifth isolation valve; 7 is an energy accumulator; 8 is a pressure sensor.

DETAILED DESCRIPTION

[0017] The detailed description of the present invention is further illustrated below with reference to the accompanying
drawings, to which, however, the present invention is not limited.

[0018] Provided is a bypass energy storage device for an electronically controlled hydraulic braking system, as shown
in FIG. 1, the device comprises a brake master cylinder 1, wherein a first pipeline and a second pipeline are arranged
at an outlet end of the brake master cylinder 1, the other end of the first pipeline is connected with a fourth isolation
valve 5 for controlling the on-off of the first pipeline, and the other end of the second pipeline is connected with a fifth
isolation valve 6 for controlling the on-off of the second pipeline; the other ends of the fourth isolation valve 5 and the
fifth isolation valve 6 are both communicated to an ABS/ESC.

[0019] As shown in FIG. 1, the first pipeline is also connected with a first branch, the other end of the first branch is
communicated to an energy accumulator 7, and the first branch is connected with a first inlet valve 2 for controlling the
on-off of the first branch; the first pipeline is connected with a pressure sensor 8 for sensing the pressure of the pipeline,
and the pressure sensor 8 is located between the first branch and the brake master cylinder 1.

[0020] The second pipeline is also connected with a second branch, the other end of the second branch is also
communicated to the energy accumulator 7, the energy accumulator 7 is a spring-type low-pressure energy accumulator
7, and the second branch is connected with a second inlet valve 3 for controlling the on-off of the second branch.
[0021] The energy accumulator 7 is also communicated with a third branch, the other end of the third branch is
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communicated to the second pipeline, and the third branch is connected with a third return valve 4 for controlling the
on-off of the third branch.

[0022] As shown in FIG. 1, in the present embodiment, the first inlet valve 2, the second inlet valve 3 and the third
return valve 4 are all normally-closed two-position two-way valves, and the fourth isolation valve 5 and the fifth isolation
valve 6 are both normally-open two-position two-way valves.

[0023] AsshowninFIG.2,each valve of the device is controlled to be opened and closed by the electronically controlled
hydraulic controller EHC, and the electronically controlled hydraulic controller EHC is also connected with a battery
controller BCM and a motor controller MCU via high-speed CAN communication. The execution controller receives a
control signal of the electronically controlled hydraulic controller EHC and drives each electromagnetic valve which can
work independently through a power device of the execution controller so as to control a circulation path of a brake fluid
pipeline; a power supply of a storage battery of a vehicle or a direct current-to-direct current converter (DC/DC) is directly
connected with the actuator to supply power for the electromagnetic valves and the like, wherein the normal working
voltage of the power supply of the storage battery is 9V to 16V, and a liquid level sensor for sensing the liquid storage
amount is connected in the liquid storage device.

[0024] The basic control concept of the bypass device system is as follows: the electronically controlled hydraulic
controller EHC calculates whether the braking request of a driver and the energy recovery condition are met or not and
considers the stability of the vehicle, and sends a feedback braking torque request to the motor controller and simulta-
neously controls the bypass device.

[0025] The specific control method comprises the following steps:

step I: monitoring, by an electronically controlled hydraulic controller, whether a driver has a braking intention or not
in real time, specifically comprising acquiring a signal of a displacement sensor of a brake pedal through AD,
determining and calculating a depth and a speed of the driver for stepping on the brake pedal, and then obtaining
a braking deceleration a required by a vehicle at the moment according to a vehicle braking characteristic matching
parameter table;

step Il: determining whether the driver is in emergency braking or not according to an opening degree of the pedal
and the speed of stepping on the pedal; if yes, closing the energy recovery function; if the driver is not in emergency
braking, the electronically controlled hydraulic controller EHC keeps communication with two systems of the battery
controller BCM and the motor controller MCU at all times, so as to determine whether the vehicle is allowed to enter
an energy recovery state or not, and the determination is performed according to a judgment basis including constant
changes of the back-drag torque of the driving motor along with vehicle speeds, an SOC, a temperature, a current
and communication faults of a power battery;

step Ill: when the energy recovery function is switched off, entering a working state under a normal condition, and
directly performing hydraulic braking;

wherein the normal condition is as follows: when an energy recovery function is switched off and when a driver steps
on a brake pedal, all electromagnetic valves are kept in a power-off state, and a brake fluid directly enters the
ABS/ESC through the master cylinder, the fourth isolation valve 5 and the fifth isolation valve 6 (if the vehicle is not
equipped with the ABS/ESC, the brake fluid directly enters the four wheel cylinders), and hydraulic braking is full
braking force.

[0026] When the energy recovery function is switched on, the device enters a working state during a pressurization
process, and electric braking torque and hydraulic braking torque are distributed; the back-drag torque of the motor is
determined by a motor controller or a wheel speed sensor.

[0027] The pressurization process is as follows: after the electronically controlled hydraulic controller detects that the
driver steps on the pedal and the whole vehicle simultaneously starts the energy recovery function, the first inlet valve
2 and the second inlet valve 3 are opened, the fourth isolation valve 5 and the fifth isolation valve 6 are closed, and the
brake fluid enters the energy accumulator 7 through the brake master cylinder 1, the first inlet valve 2 and the second
inlet valve 3.

[0028] Braking forces on wheels are provided by back dragging of a driving motor, the whole vehicle performs a braking
energy recovery work, the electronically controlled hydraulic controller monitors the opening degree of the pedal at all
times, and magnitudes of a total braking force request and back-drag torque are determined.

[0029] When the back-drag torque is insufficient, the first inlet valve 2 and the second inlet valve 3 are closed, the
fourth isolation valve 5 and the fifth isolation valve 6 are opened, and an insufficient braking force is supplemented with
a hydraulic pressure; the back-dragging of the motor and mechanical braking co-work in a serial mode to achieve a
deceleration effect of the vehicle.

[0030] A rechargeable power generates torque
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P 9550Pc

[0031] In the formula, Pc is the rechargeable power in a unit of Kw; n is a rotating speed of the motor in a unit of rpm.
[0032] Correspondingmaximum allowable braking torque of the battery is calculated according to a maximum allowable
charging power of the battery, and if the maximum allowable braking torque of the battery is smaller than maximum
allowable braking torque of the motor, the maximum allowable braking torque of the battery is taken as a maximum
electric braking torque request, that is the minimum one of the braking force request, the maximum allowable braking
torque of the battery and the maximum allowable braking torque of the motor is taken as a feedback braking torque
request, and the EHC sends the feedback braking torque request to the motor controller; in the braking process, the
motor controller may send out the currently maximum available back-drag torque of the regenerative braking system
through CAN communication; the electronically controlled hydraulic controller EHC may determine whether to allow the
vehicle to enter the energy recovery mode and the rechargeable torque command value according to the battery controller
BCM charge permission condition and the driver’s intention.

[0033] A reference calculation formula for distributing the braking torque is as follows:

if

Fe + Fh + fr()ll + faer() = Ma ...... (1)

then

Fe = Ma - Fh - fro]] - faero ...... (2)

[0034] In the formula, Fe is a braking force of the driving motor in a unit of N.m; Fh is an electronically controlled
hydraulic braking force in a unit of N.m; F, is a rolling resistance of the vehicle in a unit of N.m; f,,, is @ wind resistance
in a unit of N.m; a is the braking deceleration in a unit of m/s2; m is a mass of the whole vehicle in a unit of kg;
wherein the rolling resistance of the vehicle can be expressed as follows:

fron = Mgucosa ... (3)

[0035] Inthe formula, . is a rolling resistance coefficient; M is the mass of the whole vehicle in a unit of kg; a is a slope
angle, i is a gradient, and a = arctan (i).
[0036] The wind resistance of the vehicle can be expressed as follows:

Faero = 0.5 pkAfV2.....(4)

[0037] Inthe formula, k is a wind resistance coefficient; A; is a frontal area in a unit of m2; V is a speed of the vehicle
in a unit of km/h; p is an air density and taken as 1.3 kg/m2.

step VI: when the driverreleases the pedal orisin a process of releasing, entering, by the device, a pressure-relief process.
[0038] The pressure-relief process is as follows: in a pressure reduction stage, as the driver releases the pedal or is
in a process of releasing, the first inlet valve 2 and the second inlet valve 3 are powered off and closed, the fourth isolation
valve 5 and the fifth isolation valve 6 are powered off and opened, and the third return valve 4 is powered on and opened
according to pressures of the pipelines, as the brake pedal is not stepped on or a pressure of a main hydraulic circuit is
small at the moment, a pressure of the brake master cylinder 1 does not exist, and under the action of the pressure, the
brake fluid in the low-pressure energy accumulator 7 returns to the master cylinder through the third return valve 4 under
the action of an internal spring.

[0039] The above mentioned contents are only preferred embodiments of the present invention and are not intended
to limit the present invention. Various modifications or equivalent substitutions made by those skilled in the art within
the spirit and protection scope of the present invention shall fall within the protection scope of the technical solution of
the present invention.
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1. Acontrol method of a bypass energy storage device for an electronically controlled hydraulic braking system, wherein

the

bypass energy storage device for the electronically controlled hydraulic braking system used in the control

method comprises a brake master cylinder, wherein a first pipeline and a second pipeline are arranged at an outlet
end of the brake master cylinder, the other end of the first pipeline is connected with a fourth isolation valve for
controlling the on-off of the first pipeline, and the other end of the second pipeline is connected with a fifth isolation
valve for controlling the on-off of the second pipeline; the other ends of the fourth isolation valve and the fifth isolation
valve are both communicated to an ABS/ESC;

the first pipeline is also connected with a first branch, the other end of the first branch is communicated to an
energy accumulator, and the first branch is connected with a first inlet valve for controlling the on-off of the first
branch;

the second pipeline is also connected with a second branch, the other end of the second branch is also com-
municated to the energy accumulator, and the second branchis connected with a second inlet valve for controlling
the on-off of the second branch;

the energy accumulator is also communicated with a third branch, the other end of the third branch is commu-
nicated to the first pipeline or the second pipeline, and the third branch is connected with a third return valve
for controlling the on-off of the third branch;

a working condition of the device also comprises a normal condition that when an energy recovery function is
switched off and when a driver steps on a brake pedal, all electromagnetic valves are kept in a power-off state,
and a brake fluid directly enters the ABS/ESC through the master cylinder, the fourth isolation valve and the
fifth isolation valve;

the control method comprises the following steps:

step I: monitoring, by an electronically controlled hydraulic controller, whether a driver has a braking intention
or not in real time, specifically comprising acquiring a signal of a displacement sensor of a brake pedal
through AD, determining and calculating a depth and a speed of the driver for stepping on the brake pedal,
and then obtaining a braking deceleration a required by a vehicle at the moment according to a vehicle
braking characteristic matching parameter table;

step Il: determining whether the driver is in emergency braking or not according to an opening degree of
the pedal and the speed of stepping on the pedal; if yes, closing the energy recovery function;

step lll: when the energy recovery function is switched off, entering a working state under a normal condition,
and directly performing hydraulic braking;

when the energy recovery function is switched on, entering, by the device, a working state during a pres-
surization process, and distributing electric braking torque and hydraulic braking torque; and

step VI: when the driver releases the pedal or is in a process of releasing, entering, by the device, a pressure-
relief process;

the working state of the device comprises the pressurization process and the pressure-relief process; wherein
the pressurization process is as follows: after the electronically controlled hydraulic controller detects that the
driver steps on the pedal and the whole vehicle simultaneously starts the energy recovery function, the firstinlet
valve and the second inlet valve are opened, the fourth isolation valve and the fifth isolation valve are closed,
and the brake fluid enters the energy accumulator through the brake master cylinder, the first inlet valve and
the second inlet valve;

braking forces on wheels are provided by back dragging of a driving motor, the whole vehicle performs a braking
energy recovery work, the electronically controlled hydraulic controller monitors the opening degree of the pedal
at all times, and magnitudes of a total braking force request and back-drag torque are determined;

when the back-drag torque is insufficient, the first inlet valve and the second inlet valve are closed,

the fourth isolation valve and the fifth isolation valve are opened, and an insufficient braking force is supplemented
with a hydraulic pressure; the back-dragging of the motor and mechanical braking co-work in a serial mode to
achieve a deceleration effect of the vehicle;

the pressure-relief process is as follows: in a pressure reduction stage, as the driver releases the pedal or is in
a process of releasing, the first inlet valve and the second inlet valve are powered off and closed, the fourth
isolation valve and the fifth isolation valve are powered off and opened, and

the third return valve is powered on and opened according to pressures of the pipelines, as the brake pedal is
not stepped on or a pressure of a main hydraulic circuit is small at the moment, a pressure of the brake master
cylinder does not exist, and under the action of the pressure, the brake fluid in the low-pressure energy accu-
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mulator returns to the master cylinder through the third return valve under the action of an internal spring.

The control method of a bypass energy storage device for an electronically controlled hydraulic braking system
according to claim 1, wherein the first pipeline is connected with a pressure sensor for sensing the pressure of the
pipeline.

The control method of a bypass energy storage device for an electronically controlled hydraulic braking system
according to claim 1, wherein the energy accumulator is a spring-type low-pressure energy accumulator.

The control method of a bypass energy storage device for an electronically controlled hydraulic braking system
according to claim 1, wherein each valve of the device is controlled to be opened and closed by the electronically
controlled hydraulic controller EHC, and the electronically controlled hydraulic controller EHC is also connected with
a battery controller BCM and a motor controller MCU via high-speed CAN communication.

The control method of a bypass energy storage device for an electronically controlled hydraulic braking system
according to claim 1, wherein in the step Il, if the driver is not in emergency braking, the electronically controlled
hydraulic controller EHC keeps communication with two systems of the battery controller BCM and the motor con-
troller MCU at all times, so as to determine whether the vehicle is allowed to enter an energy recovery state or not,
and the determination is performed according to a judgment basis including constant changes of the back-drag
torque of the driving motor along with vehicle speeds, an SOC, a temperature, a current and communication faults
of a power battery.

The control method of a bypass energy storage device for an electronically controlled hydraulic braking system
according to claim 5, wherein,

in the step lll, a reference calculation formula for distributing the braking torque is as follows:
if

Fe + Fh + fr()ll + faer() = Ma ...... (1)

then

Fe = Ma, - Fh - fr()ll - faer() ...... (2)

in the formula, Fe is a braking force of the driving motor in a unit of N.m; Fh is an electronically controlled
hydraulic braking force in a unit of N.m; F, is a rolling resistance of the vehicle in a unit of N.m; f,¢, is a wind
resistance in a unit of N.m; a is the braking deceleration in a unit of m/s2; m is a mass of the whole vehicle in
a unit of kg;

wherein the rolling resistance of the vehicle can be expressed as follows:

fron=Mgucosa ... (3)

in the formula, w is a rolling resistance coefficient; M is the mass of the whole vehicle in a unit of kg; a is a slope
angle, i is a gradient, and a = arctan (i);
the wind resistance of the vehicle can be expressed as follows:

Faer() = 05 pkAfV2 ...... (4)

in the formula, k is a wind resistance coefficient; A; is a frontal area in a unit of m?2; V is a speed of the vehicle
in a unit of km/h; p is an air density and taken as 1.3 kg/m2.

The control method of a bypass energy storage device for an electronically controlled hydraulic braking system
according to claim 6, wherein,
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in the step lll, a rechargeable power generates torque

9550Pc
c=——

in the formula, Pc is the rechargeable power in a unit of Kw; n is a rotating speed of the motor in a unit of rpm;
corresponding maximum allowable braking torque of the battery is calculated according to a maximum allowable
charging power of the battery, and if the maximum allowable braking torque of the battery is smaller than
maximum allowable braking torque of the motor, the energy recovery function is switched off or the maximum
allowable braking torque of the battery is taken as a maximum electric braking torque request.



EP 4 151 476 A1

FIG. 1

10



Motor controller
MCTU)

EP 4 151 476 A1

®  Maximum back-drag
torque
®  Actual back-drag
torque

sNg NYD

Battery controller
(BCM)

Battery temperature
SOC

Rechargeable
allowable current
Faults

FIG.

Storage

battery

Electronically
controlled
hydraulic brake
controller
(FHC)

Bypass
energy
storage
device

1"

Brake pressure
Power-on mark for
energy recovery
Magnitude of
feedback torque
request




10

15

20

25

30

35

40

45

50

55

EP 4 151 476 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2021/110803

A. CLASSIFICATION OF SUBJECT MATTER
B60T 13/12(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B60T

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNKI, CNABS, SIPOABS, DWPL 5%, HTREIR, & BE, 350, BRES, #4235, new, energy, storage, bypass, isolation, simulator

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
PX CN 111907495 A (GLOBAL TECH CO., LTD.) 10 November 2020 (2020-11-10) 1-7
claims 1-10
A CN 209955966 U (WANXIANG QIANCHAO CO., LTD. et al.) 17 January 2020 1-7

(2020-01-17)
description, pages 2 and 3, and figures 1 and 2

A CN 105015528 A (TSINGHUA UNIVERSITY) 04 November 2015 (2015-11-04) 1-7
entire document

A EP 3333033 A1 (ROBERT BOSCH GMBH) 13 June 2018 (2018-06-13) 1-7
entire document

A EP 3459801 A1 (MANDO CORP.) 27 March 2019 (2019-03-27) 1-7
entire document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international ~ «Xx» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1,” document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“p* document published prior to the international filing date but later than  « g+ Gocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

12 October 2021 03 November 2021

Name and mailing address of the ISA/CN Authorized officer

China National Intellectual Property Administration (ISA/
CN)

No. 6, Xitucheng Road, Jimengiao, Haidian District, Beijing
100088

China

Facsimile No. (86-10)62019451 Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)

12




10

15

20

25

30

35

40

45

50

55

EP 4 151 476 A1

INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2021/110803

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)

CN 111907495 A 10 November 2020 None

CN 209955966 U 17 January 2020 None

CN 105015528 A 04 November 2015 CN 105015528 B 28 August 2018

EP 3333033 Al 13 June 2018 us 10315640 B2 11 June 2019
EP 3333033 Bl 07 August 2019
us 2018162340 Al 14 June 2018

EP 3459801 Al 27 March 2019 EP 3459801 Bl 30 June 2021
us 10696281 B2 30 June 2020
us 2019092300 Al 28 March 2019
CN 109552291 A 02 April 2019

Form PCT/ISA/210 (patent family annex) (January 2015)

13




	bibliography
	abstract
	description
	claims
	drawings
	search report

